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1.Background ɆQueqiao

ÅQueqiao A lunarrelaysatellite

ÅMain task /ƻƳƳǳƴƛŎŀǘƛƻƴ ǎǘŀǘƛƻƴ ŦƻǊ ǘƘŜ /ƘŀƴƎΩŜ-4 lunar landeron the farside of the 

Moon (launched at the end of 2018)

Å LaunchTime May21st, 2018

ÅOrbit Halo orbit rounds L2 pointwith radiusof 15,000km

Å Distancefrom the Earth 450,000km

Å Distance from the landing point: Җ80,000km

[Wang and Liu, Acta. Astronaut., 2016]
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Ourobjectives

ÅRealizelaserrangingto the hollowcornercuberetro-reflector (CCR)carriedon

Queqiaowith meter-levelprecision

ÅVerifythe long-distancelaserrangingtechnologyandpreparethe manufacture 

technology of CCR usedfor the newgenerationof lunar laserranging (LLR)

1.Background Ɇlaser ranging to Queqiao
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1.Background - lunar CCR

Current CCR arrays limitthe

rangingprecisionto several

centimeter
Largest 

error

Error budget of APOLLO

INFN-ASI-UMD NASA NAOJ GFZ

New lunar CCR

Å INFN-ASI-UMD 100-mm solid 

Å NASA 40-mm hollow

Å GermanyGFZ: 200-mm hollow

Å NationalAstronomicalObservatoryof Japan: 

200-mm hollow 
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2.Mission design

What we do?

ÅManufacture170-mm hollow CCR with the similar intensity of return signal as Apollo 11 on 

the Moon

Å Upgrade the ranging system basedon 1.2-m telescope at Kunming(Yunnan Observatory). 

Ranging precision: <1m (width of laser pulse: 10ns)

Å Constructa newrangingsystembased on 1.2-m telescope atZhuhai (SYSU). Ranging 

precision: <2cm (width of laser pulse: ~80ps)

Task of mission

ÅLunarlaserranging to lunar CCR arrays (384,000km)

ÅSatellitelaser ranging to Queqiaoprobe (450,000km)



77

Scheduleof rangingexperiment

Å Lunarlaserranging

2017-10 to 2018-04

Å Firstphaseof laserrangingto Queqiao

20nights; 2019-03to 2019-04

Å Secondphaseof laserrangingto Queqiao(possible)

20nights;2019-11to 2020-04

2.Mission design -Schedule
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FFDP with three angle errors ƻŦ лΦсέ 
Angle error (arc-sec) Return signal (%)

0.1 28.7

0.2 62.2

0.3 87.0

0.4 85.8

0.5 62.0

0.6 33.1

0.7 13.1

0.8 4.9

Apollo11or 14 100

Apollo15 300

2.Mission design -CCR angle error

ü Return signal: Averaged intensity within thevelocity aberration area (3.5-7urad) 

ü Normalized to idealApollo 11 CCR array

ü Three angle errors 0.6 arcsec determine a divergence angle of 2 arcsec 
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3.Corner cube retro -reflector

Name Actual Value

Hollow CCR

Aperture 170mm

Mass 1.4kg

Dihedralangle 0.1 0.3 0.4 arcsec

Divergence angle <1.3 arcsec

Material CorningULE7972

coating Protectedsilver

Totalpayload

Mass 3.0kg

Totalsize ʊнофƳƳ×170mm

Lifetime 5 years
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3.Corner cube retro -reflector

ÅThe first generation of our hollow CCR
[He et al., Res. Astron. Astrophys., 2018]

ü Preliminary thermal test: 
ҍплᴈ +75ᴈ



11

3.Corner cube retro -reflector

ÅThe second generation of our hollow CCR
[He et al., Chin. Phys. B, 2018]

!

"

#
$

!

"

#

$

! %

" %

$%

&' &(a b
0

D

) *

Error analysis

Polishof Mirror 2 and3
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3.Corner cube retro -reflector -simulation

üDihedralangleoffset 0.1, 0.3, 0.4arcsec

üRelativereturn intensity 82.8%of initial Apollo11
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3.Corner cube retro -reflector
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3.Corner cube retro -reflector - test

Vibration Vacuum thermal
(-50 to +50°C)

Shocking Acceleration


